The aim of this study was to assess the relative validity of a 159-item semiquantitative food frequency questionnaire (FFQ) for use among adult Singaporeans. This FFQ should be able to classify intakes of energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol into quintiles of intakes for purposes of epidemiological studies. A total of 126 subjects (84 women and 42 men) took part in the study which included an interview using the newly developed FFQ (assess past month's intake) and three 24-h (24 h) recalls (reference method, collected over a period of 1 month). Subjects also collected two 24 h urinary samples for urea from which total nitrogen excretion was assessed to validate protein intake. When compared to the reference method, the FFQ slighty overestimated the intakes of energy, total fat and types of fat as reflected by the difference in means and the ratio of FFQ to 24 h intakes. The overestimation ranged from 1 to 11% of the reference method. Dietary cholesterol was underestimated by 17% by the FFQ. These differences were however, not statistically significant. Pearson's correlation coefficients (95% confidence intervals (CI)) between intakes assessed by FFQ and reference method varied from 0.58 (0.45, 0.69) for total fat to 0.39 (0.23, 0.53) for polyunsaturated fat. Cross-classification into quintiles resulted in correct classification into the same or adjacent quintiles in 70% of subjects, with only one or two subjects being grossly misclassified. Nitrogen (N) intake from the 24 h recalls did not differ significantly from that estimated from the urinary nitrogen excretion. The mean (± SD) difference was 0.0 ± 0.4 g and the Pearson correlation coefficient (95% CI) was 0.55 (0.31, 0.72). It is concluded that the newly developed FFQ is an adequate tool for classifying individuals' intakes into quintiles for epidemiological studies among Singaporean adults.
Introduction
The mortality from cardiovascular disease in Singapore is comparable to those of the West and higher than those in other parts of Asia (such as Japan and Hong Kong). 1 From the National Health Survey in Singapore conducted in 1992 2 and studies by Hughes et al, [3] [4] [5] [6] [7] [8] [9] it is apparent that cardiovascular risk factors differ in the three major ethnic groups (Chinese, Malays and Indians) in Singapore. Such risk factors include obesity, abdominal fat distribution, elevated blood pressure, abnormal blood lipids, elevated blood glucose and insulin. Indians have the highest incidence of acute myocardial infarcts followed by Malays and Chinese. 2 There is, however, no satisfactory explanation currently for the high prevalence of cardiovascular diseases in Singapore and differential rates among the ethnic groups to enable public health measures to be carried out to arrest and even reverse the trends.
The role of diet in cardiovascular diseases is welldocumented. [10] [11] [12] [13] [14] A diet high in energy, total fat, saturated fat and cholesterol and relatively low in unsaturated fats, fruits and vegetables has been linked to the development of cardiovascular risk factors. Differences in nutrient intakes could explain part of the variation in levels of risk factors among the different ethnic groups in Singapore.
Unfortunately, there has been a paucity of studies examining the dietary intakes among Singaporeans and how these are related to cardiovascular risk factors among the different ethnic groups in Singapore. 9 One main reason is the lack of a suitable local dietary tool to be able to assess individuals' usual intake over a period of time. Some methodologies used in published studies included dietary history, multiple 24 h recalls, multiple dietary records and food frequency questionnaires (FFQ). 14 The most appropriate method is dependent on the purpose of the study. For ranking of individuals by relative levels of nutrient intake (for evaluation of aetiologic hypotheses and interactions), the common tool used is the food frequency method. 15, 16 However, methodologies developed in other populations are not suitable for use in Singapore as a result of the large variety of local foods consumed by the different ethnic groups that differ from those consumed elsewhere. The present study, conducted in early 1998, aimed to develop a dietary tool suitable for ranking individuals into quintiles of intakes of energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol and correlate these with cardiovascular risk factors. The dietary tool, a semiquantitative FFQ, was to be first designed using a data-based approach. This newly developed FFQ was then validated against multiple 24 h recalls (reference dietary method). In addition urinary urea (nitrogen) was used to validate the assessed protein (nitrogen) intake from the reference method. An important consideration in the development of the FFQ was that it should be relatively simple and brief to administer (less than 30 min) to reduce the burden on both the interviewers and the respondents. The FFQ should also be capable of assessing nutrients, as well as foods or food types. This was to permit determination of food sources of nutrients being studied and enable appropriate public education to be carried out.
Methods

Development of food list
The semiquantitative FFQ would comprise a food list of items commonly consumed in Singapore, to be used for assessing frequency of intakes of these food items over the past 1 month. This food list aimed to include not only foods that were rich in energy or the selected nutrient, but also foods that were important to the population's intake of the nutrient of interest. The list of foods was developed by means of a data-based approach similar to those used by Block et al. 15 , using dietary data from a food consumption study among Singaporeans conducted in 1993. 17 This 1993 dataset consisted of intakes of 1147 foods and 22 nutrients based on 3-day weighed food records of 457 subjects. There was an over sampling of Malays and Indians, with each group making up 20% of the sample population, to ensure adequate representation. The remaining 60% comprised Chinese (the most common ethnic group in Singapore). This 1993 study was part of the National Health Survey with a population sample of some 5000 adults obtained from stratified multistaged sampling. 2 The dataset of 1147 foods were first grouped into 161 conceptually similar major food types (for example, plain steamed rice and rice porridge were grouped as 'white rice', and different types of noodles fried in similar manner were grouped as 'fried noodles'). The other criteria for grouping were that the foods should be similar in nutrient content per usual serving (not per 100 g) and should enable classification of individuals with respect to nutrient intake. In addition, respondents should be able to make the necessary distinctions between the food types. 15 For each food group, careful consideration was given to ensure that foods from the three ethnic groups were represented. The questionnaire was pretested among the three groups for completeness of food list.
The food composition database residing in the Ministry of Health in Singapore was used to estimate the nutrient content of the food types. The amount of energy and each of the nutrients contributed by each food item was computed, based Validation of semiquantitative FFQ 283 on its nutrient composition, weight of the food item consumed and the frequency of consumption. This computation ensured that foods with lower nutrient composition, but eaten frequently, would not be overlooked. Food items were included in the food list if they made an important contribution to the overall intakes of energy, fats and cholesterol. The percentage contribution of each of the food types to total energy and the five selected nutrients, namely total fat, saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol was determined and foods were ranked in descending order of their contribution for each of the nutrients. The cumulative percentage contribution was computed and foods contributing cumulatively to 90% of the total intakes of energy or one of the five nutrients were included in the list.
To identify foods important for explaining the variance of intake between persons, a stepwise multiple regression analysis as described by Byers et al. 18 was performed. The regression analysis was performed separately for energy and each of the five nutrients. The contribution of each nutrient by individual food items (independent variables) was regressed on the total intake of the same nutrient (dependent variable). The fraction of the variance in the total energy/nutrient that could be progressively explained by an expanding list of food items was expressed as the cumulative r 2 as each food item was entered in a stepwise fashion into the regression model. Food items that contributed to 90% of the cumulative r 2 for energy and each of the other five nutrients were then included in the food list if they were not already in. The basic list of food items was 145 after taking into consideration their contribution to the absolute intakes and variance of intakes of energy and the five nutrients. This list was able to account for more than 99% of the intakes of energy and the five nutrients. In fact, for energy, 75 items alone were able to account for 90% of intake. Adequate capture of energy intake would enhance the capture of a wide range of nutrients. 15 This basic food list was further enhanced to ensure that cooking methods for the different main food types were captured for better assessment of fat intake. In each of the food groups, care has been taken to take cooking methods into account. For example there are two items of chicken curry -one cooked with coconut milk and one without. This is the same for all dishes requiring coconut as an ingredient. Even for the desserts commonly consumed, such as red bean soup, there are different codes when that is consumed with coconut cream or without. Every cooked food item was coded in three different ways depending on the cooking oil/fat used during preparation (for example, predominantly polyunsaturated, monounsaturated or saturated cooking oil/fat).
Additions to each of the food items (for example, addition of sugar, creamer, different types of milk to beverages) were also included to refine the list. Fruits and vegetables were classified into different subtypes (for example, by physical characteristics and cooking methods) for future correlation with cardiovascular risk factors, when values for various antioxidants and phytochemicals would be available in the local food composition database. 19 The final food list of 159 individual items was grouped into 23 main food types and 25 subfood types. As far as possible, these were structured according to meal types (see Annex 1).
Validation of the FFQ
The final FFQ comprising the rather comprehensive list of food items was then put to the final validation testing among 180 adults. The sample size was calculated using the interand intra-person variation in intakes of energy and five nutrients obtained from the 1993 study. About 150 subjects would be sufficient for the detection of differences of 10% in intakes between subjects. 20 For the validation study, a team of nutritionists and dieticians underwent a 2-day training on interviewing techniques, reviewing of questionnaire and coding of data. The training included both theory and practical sessions.
The Ministry of Health and the National Medical Research Council in Singapore approved the study protocol and all subjects gave their written consent on the actual survey day.
Subjects were recruited from a typical housing estate in Singapore through home visits. Only those between the ages of 19 and 69 were recruited. Those who agreed to participate were then invited to the community club for the interviews. Each of the subjects had to undergo four interviews, beginning with the FFQ, to be followed at least 3 weeks later by the three 24 h dietary recalls. This sequence was scheduled to reduce possible influences of learned responses when reporting intakes for the FFQ. Weight and height measurements were taken during the first interview. Bodyweight was measured to the nearest 0.1 kg in light indoor clothing without shoes, using a digital scale (Seca, Utrecht, The Netherlands). Body height was measured without shoes with Frankfurt plane horizontal, to the nearest 0.1 cm using a wall-mounted stadiometer. From the weight and height, the body mass index (BMI; kg/m 2 ) was calculated.
The FFQ was administered in the language (either in English, Mandarin, Malay or Tamil) that the subject was most comfortable with, with use of interpreters where necessary. The length of interview ranged from 30 min to 45 min (if interpreter was needed). The subject was asked to recall usual intakes of the foods on the food list over the past 1 month. The usual serving sizes of each food item in common household measures (for example, rice bowl, soup spoon, cups) were included in the list. Columns were provided to enable subjects to report intake as frequency per day, per week or per month. To aid the recall, life size food models, food pictures and household utensils were used. Subjects could choose to report the intake in the preferred serving sizes (this was later coded as fractions of the standard serving portions). Foods consumed less than once a month were not recorded. The first of the 24 h recalls took place at least 3 weeks after the administration of the FFQ. These 24 h recalls included two weekdays and one weekend (Sunday) and were conducted at least one week apart from each other. Only Sunday was considered as a weekend, as the normal workweek in Singapore comprised six working days. As for the FFQ, the necessary memory aids were used to facilitate recalls. During the first two interviews for 24 h recalls, subjects were also given verbal and written instructions to collect 24 h urinary samples according to the protocol described by Bingham et al. 21 Collection commenced on the morning after the interviews. After the collection was completed, the urinary samples were collected from the subjects and sent to the laboratory immediately for analysis of urea and creatinine. Urinary urea was determined by enzymatic method using a commercially available test kit (Boehringer Mannheim/ Hitachi 1820 206 R2, Mannheim, Germany), and urinary creatinine by a modified Jaffé method. 22 Only the data of those subjects (n = 23 The relative validity of the FFQ was conducted by comparing the intakes of energy and five nutrients obtained against the weighted means from multiple (three) 24 h dietary recalls. The weighted average intake for the multiple 24 h recalls was calculated as: (6 × mean weekday intakes) + (1 × weekend intake). 7
The validity in this study is not expected to be absolute, as no dietary survey method has been shown to be free of systematic errors in free living subjects. 20, 24, 25 Intakes of energy and each of the nutrients obtained from the FFQ and multiple 24 h dietary recalls were divided into quintiles of intake. The ability of the FFQ to accurately classify individuals into the same or adjacent quintile of intake as that obtained from the reference method was tested using χ 2 test. Differences between values obtained from the FFQ and reference method were tested using paired t-test, and Pearson's correlation coefficients were calculated between intakes obtained from the two methods.
The ability of the multiple 24 h dietary recalls to estimate dietary intakes of the subjects was verified by the use of an additional urinary biomarker as recommended by Bingham et al. 21 The reported intake of nitrogen (N) from the 24 h dietary recalls was compared to intake estimated from 24 h urinary urea excretion. In a diet high in protein, 90% of urinary N consists of urea. 26 A constant fraction of 81% was used to estimate N intake from total urinary N excretion. 24 These factors were used to estimate N intake from urea excretion [Estimated N intake = (N from urea/0.9)/0.81]. Paired t-test of difference and Pearson's correlation analysis were performed on the dietary N intake and estimated N intake data.
All data were analysed using SPSS Version 8.0. 27 Values are given as mean ± SD. Correlation coefficients are presented as Pearson's correlation coefficients with 95% confidence intervals. Relationship of the difference between dietary N intakes and estimated N intake (from urinary N excretion) and the mean N intakes obtained from both methods is presented as a Bland and Altman plot. 28 Significance level was set at P <0.05.
Results
The study population consisted of 180 subjects, with 117 women and 63 men. After eliminating incomplete records (less than two 24 h dietary recalls), 126 subjects were left (84 women and 42 men). These subjects had a mean (± SD) age of 44.7 ± 11.1 years, height of 160.8 ± 8.7 cm, weight of 62.3 ± 12.7 kg and BMI of 24.0 ± 3.9 kg/m 2 . Of the 126, only 46 subjects had valid urine samples (two samples with creatinine excretion within normal limits). These subjects were slightly older (mean age of 47.6 ± 11.6 years), but had a similar ethnic, height, weight and BMI distribution compared to those without complete urine samples.
Reported intakes of energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol and protein using FFQ and multiple 24 h recalls are given in Table 1 . Overall, there was overreporting of intakes with the FFQ for energy, total fat and types of fat, and underreporting for cholesterol and protein as reflected by the differences in means and the percentage reference (FFQ × 100/24 h). These differences were, however, small and not significant except for polyunsaturated fat, cholesterol and protein.
In Table 2 , the quintiles of intakes for energy, total fat, types of fat and cholesterol are presented. As expected, the range of intakes for males is higher than females for all nutrients. After dividing into quintiles, the expected misclassifications were calculated based on the correlation coefficients. For energy and all nutrients, the FFQ was found to be adequate for classifying subjects into the same or adjacent quintiles of intakes when compared to the multiple 24 h recalls. The observed proportions of misclassifications were not significantly different from that expected for energy and the nutrients tested (Table 3 ). The percentage of gross misclassifications were small (classified from one extreme category to the other extreme category), with only two (1.8%) subjects being grossly misclassified for total fat, saturated fat and protein intakes, only one subject (0.9%) for polyunsaturated fat, monounsaturated fat, cholesterol and none for energy.
The comparison between reported dietary intakes of N (from reference dietary method) and estimated N intakes (from urinary N excretion) is found in Table 4 . The mean N Validation of semiquantitative FFQ intake of 10.2 ± 2.6 g was the same as that estimated from urinary N. The mean difference between actual and estimated dietary N intake was 0.0 ± 0.4 g. The Pearson's product correlation coefficient between dietary N and estimated N intake was 0.55 (0.31, 0.72). The Bland and Altman plot of difference in dietary and estimated N intakes against the mean of dietary and estimated N intakes (Fig. 1) showed that the differences were not significantly correlated to the level of N intakes (r = 0).
Discussion
The sample population of 180 was selected from a typical housing estate with different flat-types in Singapore. This study did not require a representative sample as a result of the nature of the methodology employed. The proportion of residents of different ethnic groups in this housing estate was, however, similar to the ethnic distribution in Singapore, majority being Chinese, with 14% Malays and 7% Indian. The other ethnic groups which made up about 3% of the population were not included in the sample. The low number of respondents (n = 46) who collected both urinary samples satisfactorily was because of the difficulties presented by the hot humid weather, which made it rather unpleasant to collect and store the urine for 24 h. This was especially so for workers who need to bring the containers to work, as not all workplaces are air-conditioned. However, the characteristics of these 46 subjects are comparable to the total number of subjects.
The FFQ was chosen as the possible tool for detection of 'usual' intakes of energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol as it has a low respondent burden and high response rate compared to other methods such as the dietary history and repeated weighed food records. As the purpose for its development is to classify subjects into quintiles of intake and not to measure the individual's absolute intake, it is considered an adequate tool despite its limitations. 29 While many researchers have developed FFQ for studies on diet-disease relationship, these FFQs could not be easily adapted for use in the local context for various reasons. The most important limitation in using FFQ developed in other populations is the food list. The food list to be used in Singapore has to include foods commonly consumed by the population, which are important contributors to the dietary intakes of the foods/nutrients being studied. Such foods should also be able to account for variation in intakes of the nutrients concerned. Many foods and their cooking methods are unique to the local context and nutrient data are often not available from other commonly used databases. As such, much work has been put in by the Ministry of Health in Singapore to systematically analyse the nutrient composition of foods commonly eaten in Singapore, both by direct laboratory analysis and indirect analysis using a computer program developed specially for this purpose. The availability of these food composition tables, together with the 1993 dataset on foods consumed by the population (obtained from 3-day weighed food records) made it possible to develop a FFQ for the local population.
In the development of the FFQ, certain issues were considered to ensure its applicability in Singapore. By using a data-based approach, it was ensured that the food list would include foods that are commonly consumed by the adult population in Singapore. The portion sizes used in the food list are in common household measures for ease of estimation of portion eaten. Foods were grouped in a manner to allow for estimation of fat and types of fat. Thus, food items which were conceptually similar were further grouped by cooking methods and also by the form commonly eaten by the sub- jects (for example, poultry with skin, poultry without skin were in different main food types). The food items in each group had similar energy, fat and cholesterol content per serving. There is a fairly extensive intermingling of all races in Singaporeans, resulting in diets comprising foods originating from different ethnic backgrounds. For example, in the hawker centres or food courts (a collection of food stalls selling ready-to-eat foods) patronized by almost all, one can find Chinese, Indian and Malay foods sold side by side and it is not uncommon for patrons to buy from more than one stall. More recently halal Chinese foods are also available locally. Thus, it was necessary that the types of foods included in the list covered those consumed by all three ethnic groups, making this questionnaire valid for all three ethnic groups. During the validation study, the choice of reference method was made to enable ranking of individuals into quintiles rather than to estimate actual individual intake. Multiple 24 h recalls would enable this without imposing too high a respondent burden (compared to food records or dietary history). This was the method thought to be most appropriate for population groups where there is a possibility of variation in the quality of food-record data. 30 The estimated N intake from the urinary biomarker correlated well with the dietary N intake data for this reference method. This, together with the mean difference between the estimated and dietary N intakes of 0.0 ± 0.4 g, supports the suitability of the multiple 24 h recalls as a reference method in this study. The use of the additional biochemical marker has the advantage in that the potential sources of random error occurring with the urinary marker are different from those of the questionnaire measurement (in this case, the FFQ). In addition, these errors are also unlikely to be correlated with those of daily intake measurements (the reference method). Kaaks, 31 therefore advocated the use of the additional biochemical marker in validation studies to make it more likely that criteria of independent errors are met.
The deviation of the intake data obtained from the newly developed FFQ as compared to the reference method is within the limits reported in other studies. For fat intake (a major concern in this study), studies conducted by various research groups reported an overestimation with FFQ in the range of between 1 and 55% of the reference method. [32] [33] [34] [35] [36] The overestimation found in this study is 3% of the reference. The Pearson correlation coefficient of 0.58 between fat intake from FFQ and reference method in this study is also consistent with those reported in other studies. For example, most studies in America reported correlation coefficients of between 0.4 and 0.7, both in minority and non-minority groups, 30 while a study in the Netherlands reported a fairly high correlation coefficient of 0.78. 37 This correlation appeared to be inversely proportionate to the time interval between the administrations of the different methodologies. All the intakes obtained from this newly developed FFQ are significantly correlated to those obtained from the reference method, ranging from 0.56 for energy to 0.39 for polyunsaturated fat.
The main purpose of this validation study was to determine the ability of the newly developed FFQ to classify individuals into the respective quintiles of intake when compared to multiple 24 h recalls over a reference period of one month. Cross-classification resulted in correct classification into the Validation of semiquantitative FFQ 287 same or adjacent quintile for 70% of cases for energy and the five nutrients, with a minimum of gross misclassifications. Statistical testing showed that the proportion of misclassification was not significantly more than that expected, on the basis of the correlation coefficients.
In conclusion, the newly developed FFQ has been found to be an adequate tool for the assessment of dietary intakes of energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat and cholesterol among adult Singaporeans. The FFQ can be used as a dietary tool to classify individuals into quintiles of intake for purposes of evaluating aetiologic hypotheses and interactions between dietary intakes and disease risk factors.
